The intrinsic viscosity of polyvinylpyrrolidone (PVP) and various added polymers was investigated by the polymer-solvent method. It has been found that both polymer-polymer interactions and the concentration of the added polymer affect the intrinsic viscosity of PVP. In the 'polymer-solvent' system poly(methyl methacrylate) + dimethylformamide (PMMA+DMF), the intrinsic viscosity of PVP decreases as the concentration of PMMA increases, showing that the repulsive interaction between PVP and PMMA originates from the contraction of PVP coils in solution due to the intermolecular excluded volume. However, in the polymersolvent systems poly(vinyl chloride) (PVC) + DMF or poly(vinylidene fluoride) (PVDF) + DMF, the attractive interactions between PVP and PVC or PVDF cause an expansion of PVP coils in solution at high concentrations of PVC or PVDF. The polymer-solvent method allows estimating the compatibility of the used polymers.
Introduction
The 'polymer-solvent' method, which has received much attention in recent years [1] [2] [3] [4] [5] , has proved to be a useful technique to investigate polymer-polymer interactions in solution. In this method, the viscosity behaviour of polymer A (guest polymer), is determined in a solution that contains a second polymer B (host polymer) at constant concentration [3, 5] . It is often believed that in solution the polymer-polymer interaction dominates over polymer-solvent interaction [6, 7] . The polymer-solvent interaction uses to be associated with features such as the polarity or the dielectric constant of the solvent [1] . Polymer-polymer compatibility has been extensively studied by several techniques [1] . Dilute-solution viscometry (DSV) is the best technique to study polymer-polymer interactions [8] [9] [10] [11] [12] [13] [14] [15] .
In this investigation, the intermolecular interaction between PVP and various polymers such as poly(vinyl chloride) (PVC), poly(methyl methacrylate) (PMMA) and poly(vinylidine fluoride) (PVDF) was determined by the polymer-solvent method, PVP being the guest and the others the host polymers. The experimental results of the viscosity measurements provide much information about polymer-polymer interactions and the compatibility of the different polymers through the sign of ∆[η A ] B .
Experimental part
PVP, PVC, PMMA and PVDF with average molecular weights of 55 000, 43 000, 120 000 and 180 000, respectively, were supplied by Aldrich (USA). All polymers were used as received without further purification. Dimethylformamide (DMF) was purchased from chemical laboratory Riedel-de Haen (Germany) and was used as solvent. The guest polymer (PVP) was dissolved in different concentrations ranging from 0.13 to 1.1 g/dl.
Viscometric measurements were carried out using a Cannon-Fenske-type capillary viscometer equipped with a model OSK 2876 that was immersed in a constant temperature bath. The temperature was 26.0 ± 0.1°C measured by a thermometer with an accuracy of 0.01°C. The uncertainty in the observed measurements was estimated to be less than 5% for all the systems.
Results and discussion
In the framework of the formalism developed by Krigbaum-Wall [16] and CraggBigelow [17] , the reduced viscosity of a polymer in solution follows the linear relationship given by the Huggins equation: The decrease of the intrinsic viscosity of PVP in PMMA+DMF can be attributed to the repulsive intermolecular interaction between PVP and PMMA in solution. Tewari and Srivastava [1] pointed out that the most important polymer-polymer interaction is the thermodynamic interaction that includes the intramolecular excluded volume effect, resulting in an expansion of the coil in solution, and the intermolecular excluded volume effect, resulting in a contraction of the coil. The repulsive intermolecular interaction between PVP and PMMA in solution will increase the intermolecular excluded volume effect. As a result, the PVP coils shrunk in size and the intrinsic viscosity of PVP decreases in the polymer-solvent PMMA+DMF. Fig. 2a shows that the intrinsic viscosity of PVP in the polymer-solvent PMMA+DMF decreases as the concentration of PMMA in the polymer-solvent PMMA+DMF increases. At higher concentration of PMMA (c PMMA = 1.08 g/dl), the intrinsic viscosity slightly increases as can also be seen in Tab. 2. The interpretation could be that the intermolecular excluded volume effect is also concentration dependent. Fig.1b shows the plots of reduced viscosity (η sp /c) vs. concentration for PVP in DMF and in PVC+DMF at 26°C. It can be seen that the intrinsic viscosity of PVP in the polymer-solvent PVC+DMF is higher than in the case of the pure solvent DMF. The considerable increase in the intrinsic viscosity of PVP in PVC+DMF is due to the strong hydrogen-bond-type interaction between PVP and PVC. This attractive interaction decreases the intermolecular excluded volume effect. Therefore, the intrinsic viscosity of PVP in the polymer-solvent PVC+DMF increases because PVP coils are expanded due to the intramolecular excluded volume effect. Fig. 2b shows that, at lower concentration (c PVC ≤ 1.08 g/dl), the intrinsic viscosity of PVP in the polymer-solvent PVC+DMF will decrease in the further concentrated polymer-solvent as seen also in Tab. 2. This is the correct behaviour because in the concentrated polymer-solvent PVC+DMF, the attractive interaction between PVP and PVC should become stronger, and hence the intrinsic viscosity of PVP, [η PVP ] PVC , should increase in the highly concentrated polymer-solvent PVC+DMF. Fig. 1c shows the reduced viscosity η sp /c vs. concentration for PVP in DMF and in PVDF+DMF at 26°C. It can be observed that the value of the intrinsic viscosity of PVP in the polymer-solvent PVDF+DMF is higher than in DMF. This behaviour can be attributed to the strong attraction between PVP and PVDF in solution. It can be seen in Fig. 2c that the intrinsic viscosity of PVP in the polymer-solvent PVDF+DMF decreases as the concentration of polymer-solvent increases, reaching a minimum value, and then sharply increases at c = 0.75 g/dl. From this value a slight decrease with polymersolvent concentration is observed. The interpretation is similar to that of the experimental results of PVP in the polymer-solvent PVC+DMF.
Taking into account the significant improvement in material properties that can be achieved in polymer blends over their individual components, it is not surprising that extensive efforts have been made in order to study the miscibility of polymers [1, [18] [19] [20] . These studies have been performed not only in industry but also in several academic laboratories, with the aim of improving material properties and understanding the fundamental relationships between polymer miscibility, the properties of the individual materials, and the properties of blends.
The compatibility of two polymers was investigated using the compatibility criteria based on the difference between the experimental and the theoretical values of 
Conclusion
PVP has been used as a guest polymer and PMMA, PVC and PVDF as host polymers in DMF solutions. The viscosity behaviour of PVP in different polymersolvent systems affected by both the polymer-polymer interaction and the concentration dependent intermolecular excluded volume effect was investigated. It is noted that the interaction between PVP and PMMA is repulsive whereas those between PVP/PVC and PVP/PVDF are attractive. The criteria ∆[η A ] B ≥ 0 for the compatible case and ∆[η A ] B ≤ 0 for the incompatible one could be applied in this paper.
